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INTRODUCTION
This phytosociological study is concerned with the development of 
Picea engelmannii-Abies lasiocarpa forests in the area around Missoula, 
Montana. The study area was located within a radius of 40 miles from the 
Missoula Valley which is located in the southern part of northwestern 
Montana. Spruce-fir communities are generally found between 3,400 and
7,000 feet in this area. Such forests have their greatest size and form 
between 5»500 and 6,500 feet. They are also found following mountain 
stream ravines and bottomlands well below the usual spruce-fir zone; 
these forests appear as peninsular extensions of thee spruce-fir zone. 
Spruce-fir communities are first encountered in stream ravines around 
3,400 feet. They continue upstream to about 5,500 feet where they begin 
to spread out from the ravines along the mountain slopes and ridges. In 
the northern region of northwestern Montana, low-elevation forest sites 
are occupied by Thuja plicata-Tsuga heterophylla forests. Since only 
cedar is present in the vicinity of Missoula as isolated communities, 
Picea engelmannii, Abies lasiocarpa, and Pseudotsuga menziesii are most 
commonly found there.
The spruce-fir forest communities in the Missoula area have 
rarely been left undisturbed for extended periods of time. Destruction 
by fire is a constant threat during the summer months; the fire season 
usually extends well into the months of fall. The danger of destruction 
by fire is also enhanced by the great number of grouse and big game 
hunters in the forests during the fall months. Forest cutting, insect 
damage, and open range practices of cattlemen are other sources of forest
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disturbance.
The present study was undertaken to develop a quantitative 
vegetational ordination which would give some understanding of spruce-fir 
distribution and compositional variability at different elevations and 
exposures. The results should provide an understanding of the ecology of 
the plants in the spruce-fir communities as well as useful information 
which may be utilized in applied fieldsi such as forestry and wildlife 
game management.
Chapter I 
LITERATURE REVIEW
The Rocky Mountain spruce-fir forests are mainly composed of 
Picea engelmannii and Abies lasiocarpa. They extend from southwestern 
Alberta, south to western New Mexico and eastern Arizona.
The southern Rocky Mountain spruce-fir forests are associated 
with the following tree species; Abies concolor, Picea pungens, Populus 
tremuloides, Pseudotsuga menziesii, Pinus aristata, and occasionally 
with Pinus ponderosa.
The central Rocky Mountain spruce-fir forests are associated 
with Picea pungens, Pinus contorta, Populus tremuloides, Pseudotsuga 
menziesii, Pinus albicaulis, Pinus aristata, and Pinus flexilis.
The northern Rocky Mountain spruce-fir forests are associated 
with Picea glauca, Pinus monticola, Thuja plicata, Tsuga heterophylla, 
Pinus albicaulis, Pinus contorta, Pseudotsuga menziesii, Abies grandis„ 
Larix occidentalis, Tsuga mertensiana, Larix lyallii, Populus tricho- 
carpa, Populus balsamifera, Populus tremuloides. Betula papyrifera, and 
also occasionally with Pinus ponderosa.
The following information was derived from a pollen study by 
Hansen(l9^8) of postglacial forests of Glacier National Park, Montana.
According to Hansen, the postglacial forests of Glacier National 
Park, Montana were composed mainly of Pinus contorta. From the pollen 
analyses made from two bogs in the lower spruce-fir zone, Hansen decided 
that the initial invaders following the retreat of the glaciers were?
3
4
Pinus albicaulis, Pinus contorta, Pinus monticola, and Abies lasiocarpa, 
These species indicated a moist and cool climate with unstable physio­
graphic features and abundant, sterile, mineral soil, Picea engelmannii,
Abies grandis, Pseudotsuga menziesii, and probably Larix occidentalis 
were also early members of postglacial forests, Hansen attributed the 
abundance of Pinus contorta pollen to severe periodic fires. When the 
periods of fire declined or were less destructive, Pinus monticola pollen 
would increase and Pinus contorta pollen would decrease.
The pollen analyses by Hansen showed a definite increase in 
pollen of Pinus ponderosa about 8,000 years ago. This was suppose to 
denote a climatic change. The initial cool moist climate had apparently 
changed to a warm dry climate. This warm dry climate which lasted about
4,000 years was followed by a cool moist climate which has generally 
persisted to the present. During the last 4,000 years the pollen of 
Pinus monticola, Picea engelmannii, Abies lasiocarpa, and Abies grandis 
showed increases over their former values. The pollen of Tsuga hetero­
phylla and Tsuga mertensiana also showed definite increases over their 
former values; however, their former values were scarcely more than just 
traces. Hansen concluded that Picea engelmannii and Abies lasiocarpa 
were kept from dominating the landscape by recurrent severe fires. The 
persistence of Pinus contorta and Pinus monticola forests in the region 
appeared to be maintained by fire. However, during the last 4,000 years, 
Pinus contorta pollen has steadily decreased, and Pinus monticola pollen 
has steadily increased and finally surpassed the former. This denoted an 
apparent increase in the period between severe fires and shifting forest 
zones.
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The pollen of Larix occidentalis was present in most of the 
pollen samples, but it was present in very small amounts. The very poor 
representation of its pollen was attributed to poor preservation in the 
organic sediment. Therefore, Larix occidentalis was not included in the 
pollen record of the Glacier National Park forest successional history. 
The most interesting feature of this study was the complete absence of 
pollen from Thuja plicata. The climax forest on the west side of Glacier 
National Park between 3,000 and 3,500 feet is considered today to be 
dominated by cedar and hemlock, Therefore, it would appear from this 
study that Thuja plicata has only recently entered the forests of Glacier 
National Park, Montana.
In northwestern Montana, Baker (1949) rates the following tree 
species as more shade tolerant than Picea engelmannii; Abies lasiocarpa, 
Tsuga heterophylla, Abies grandis, and Thuja plicata. Engelmann spruce 
is rated as tolerant, while subalpine fir is rated as very tolerant over 
its entire life.
The following information was collected from Alexander's very 
comprehensive studies of Picea engelmannii(l958&) and Abies lasiocarpa 
(1958b).
Cool temperatures and moist environmental conditions provide 
some protection against fire in spruce-fir forests. Subalpine fir has 
relatively thin resinous bark, while Engelmann spruce has thin scaly 
bark and poorly pruned boles. These characteristics make the spruce-fir 
forests extremely susceptible to forest fire.
Following destruction of a climax spruce-fir forest, the trend 
in nature is for Picea engelmannii to return gradually to climax, Picea
6
has the ability to remain suppressed for $0 to 100 years and to respond 
quickly when released. After spruce is released from suppression, it 
will Soon surpass its common associates in height. If sufficient space 
is available, Engelmann spruce can grow steadily in diameter for 300 
years. The following common associates usually have growth rates which 
slow down at or before 100 years ; Pinus monticola, Pinus contorta, Larix 
occidentalis, and Pseudotsuga menziesii. The most common associate of 
Engelmann spruce, Abies lasiocarpa, does not have the ability to make 
good growth at advanced ages, but it will grow faster in height during 
the early years of development than spruce.
Picea engelmannii germinates readily on mineral soil and very 
poorly on duff; it also germinates readily on rotting logs. When a 
seedling becomes established, its survival is largely dependent on 
sufficient moisture, cool temperatures, and less than $0^ full sunlight. 
Seedlings are destroyed or killed by drouth, heat, cutworms, rabbits, 
frost-heaving, and damping-off. Early root growth is very slow. The 
initial root penetration is usually between Ij to 3 inches in one year. 
After five years of growth, Engelmann spruce shoots averaged less than 
1 inch in height under natural forest conditions, 2 inches in height in 
a clear cutting, and 2 to 3 inches in height in a partial cutting.
After seven years of growth, seedlings left under natural conditions in 
the forest were 1 inch tall, in a clear cutting were between 3 and 4 
inches tall, and in a partial cutting were between 2 and 4 inches tall. 
Picea engelmannii saplings growing under closed forest conditions were 
4 to 6 feet tall and between ^5 and 75 years old,
Abies lasiocarpa germinates and becomes established on duff.
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mineral soil, and soil which becomes too dry for Picea engelmannii to 
survive. The seedbed requirements for subalpine fir are much less than 
those of Engelmann spruce. When subalpine fir seedlings become firmly 
established in the soil, their survival is greatly dependent upon the 
presence of relatively deep shade, but they can grow under all light 
intensities. When light intensities are greater than Ôfo full sunlight,, 
subalpine fir cannot compete successfully with spruce. Seedlings are 
destroyed or killed by drouth, heat, cutworms, rodents, frost-heaving, 
and damping-off. Early root growth is vigorous; the reason for such a 
vigorous initial root system is presumed to be a large endosperm supply 
in its seeds. The shoot growth of subalpine fir is very slow. Fifteen 
year old seedlings averaged 11 inches in height on burned-over areas,
9.8 inches on cutover, dry areas, and $.8 inches on cutover, wet areas. 
Saplings growing under closed forest conditions were 4 to 6 feet tall 
and between 35 &nd 50 years old. Abies lasiocarpa with 5 inch diameters 
are often 100 years old or more at higher elevations.
The spruce budworm(Choristoneura fumiferana) attacks both 
Abies lasiocarpa and Picea engelmannii. Spruce budworms defoliate the 
growing points of the branches of these trees. The most important 
diseases of spruce-fir forests are caused by the wood-rotting fungi. 
Because subalpine fir suffers severely from heart rot, the wood-rotting 
fungi are more dangerous to it than they are to Engelmann spruce. The 
important wood-rotting fungi are; red heart rot(Stereum sanguinolentum), 
brown stringy rot(Echinodontium tinctorium) and red ring rot(Fomes pini). 
Engelmann spruce is more susceptible to bark beetles than subalpine fir. 
The spruce bark beetle(Pendroctonus engelmannii) is capable of carrying
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out devastating attacks on old growth stands. The western balsam bark 
beetle(Dryocoetes confusus) may sometimes be very destructive to mature 
subalpine fir.
Some taxonomic problems are brought about by hybridization.
Picea engelmannii forms hybrids with Picea pungens in the southern and 
central Rocky Mountains and with Picea glauca in the northern Rocky 
Mountains (Weaver, I965). The seed cones of these hybrids are extremely 
variable. The shape of the cone scales and the size of the seed cones 
are the most evident features of these hybrids. Abies lasiocarpa has no 
known natural hybrids, Abies lasiocarpa variety arizonica is recognized 
in the southern Rockies as a natural variety (Alexander, 1958b).
Before this study was initiated, the only available Information 
which pertained to the phytosociology of spruce-fir forests of Montana 
was provided by Daubenmire (1952) from the forests of eastern Washington 
and northern Idaho. Daubenmire has four spruce-fir climax associationsj 
Spruce-fir/Pachistima myrsinites, Spruee-fir/Xerophyllum tenax. Spruee- 
fir/Menziesia glabella, and Spruee-fir/Vaccinium scoparium. These four 
habitats had Abies lasiocarpa and Tsuga mertensiana as climax dominants. 
Picea engelmannii was considered a minor climax species in the Spruee- 
fir/Xerophyllum habitat and a major climax species in the other three.
In 1968 Daubenmire and Daubenmire revised the classification 
of the spruce-fir zone. The revised habitat types are as follows 1
1. Abies/Pachistima h. Abies/Vaccinium
2. Abies/Xerophyllum 5. Tsuga/Xerophylltim
3. Abies/Menziesia 6. Tsuga/Menziesia
and 7. Abies lasiocarpa-Pinüs albicaulis.
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Picea engelmannii is considered to be a serai in all habitats except the
Vaccinium type. Picea is a long lived tree and constitutes a major part
of these habitat overstories. It is considered to be a serai because of
its poor sapling representation in the understory. Daubenmire says,
" Each tree needs to produce but a single successful offspring during its 
entire life span to maintain its population density. Thus, the longer it 
lives, the more sparse the reproduction can be and yet suffice, ”
Based on this, he designates Picea serai in the spruce-fir zone of Idaho,
Besides the spruce-fir forest phytosociological data provided
by Daubenmire, data have also been presented from studies of spruce-fir
forests elsewhere in the United States by the following; Oosting and
Billings (1951) from the northern and southern Appalachian Mountains,
Oosting and Reed (1952) from the central Rocky Mountains in Wyoming,
Merkle (195^) from the southern Rocky Mountains in Arizona, Buell and
Niering (1957) from the northern region of Minnesota, Maycock (l9&l) from
the Keweenaw Peninsula region of northern Michigan, and McIntosh and
Hurley (1964) from the Catskill Mountains in New York, These studies
were mostly quantitative descriptions using ordinations, and emphasized
the continuum approach as opposed to a discrete classification system.
Chapter II 
DESCRIPTION OF STUDY AREA
The study area (See Map l) Is located in the west central portion 
of Montana between longitudes 113° and 115° west and latitudes •̂6° 50' 
and 4?° 25' north. A peninsula of the Pacific Coast climate extends 
eastward across Washington and northern Idaho and penetrates into Montana 
(Kirkwood, 1922 and Daubenmire, 19^3). This peninsula in northwestern 
Montana extends as far south as the Missoula area.
The Missoula Valley is drained by the Clark Fork River of the 
Columbia from the east and the Bitterroot River from the south. These 
rivers have their confluence within the Missoula Valley (See Map l).
The valley begins at Missoula and extends in a west-northwestward trend 
for about 20 miles. The Missoula Valley is approximately 12 miles wide 
and narrowing to the west to nearly 3 miles wide.
The major mountain ranges located within the study area are 
(See Map l)i the Sapphire Range, the Garnet Range, the Mission Range, 
the Bitterroot Range, and an eastern extension of the Coeur D'Alene 
Range, These mountain ranges create different climatic conditions be­
tween the intermontane valleys and the mountain valleys. The different 
climatic conditions are exemplified by the respective characteristic 
vegetation found growing in these valleys.
The mountain peaks around the Missoula area have an elevational 
height of 6,000 to 9,000 feet above sea level. The elevations of the 
mountain ridges are between 5,500 and 6,500 feet above sea level, while
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the elevations of the intermontane valleys are between 3,000 and 4,000 
feet above sea level. Timberline decreases to the north and northwest 
and increases to the south and southeast from Missoula. The elevational 
difference between the intermontane valleys and the mountain ridges is 
generally 3,000 feet. The spruce-fir forests occupy the elevational 
zone between 5,000 and 7,000 feet with peninsular extensions following 
down tributary streams to approximately 3,400 feet. These downward 
extensions are areas of dynamic interchange between different life zones. 
The spruce-fir forests in the Missoula area attain their best develop­
ment in size and form between 5,500 and 6,500 feet above sea level.
The following geologic history of western Montana comes from the 
author's undergraduate training in geology.
The geologic record of the Missoula area started with the 
deposition of sediments in the Belt Sea which occupied a long narrow 
section of North America during the Proterozoic Era. The Belt Sea 
occupied a large geosyncline which extended from the Arctic Ocean 
southward across North America, as far south as Arizona and southern 
California. This geosyncline subsided as the Belt Sea filled with the 
sediments carried by streams flowing from the near-by highlands. The 
sediments deposited in the Belt Sea eventually became indurated into 
variegated shales, limestones, and sandstones as the sediments increased 
in thickness. The sediments which were deposited in the Belt Sea during 
the Proterozoic Era are known as the Belt Series. The Belt Sequence has 
a total thickness in excess of 20,000 feet; it is composed chiefly of 
nearly horizontal quartzites, limestones, and well-laminated argillites, 
that evince red, green, and gray bands parallel to the bedding. Included
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in the Belt Series are some sills and flows of volcanic rock. The Belt 
Sea withdrew from the geosyncline at the end of the Proterozoic Era and 
erosion followed.
During the Paleozoic Era, the geosyncline was again occupied hy 
the Belt Sea. The final withdrawal of the Belt Sea did not occur until 
near the close of the Cretaceous Period of the Mesozoic Era. The sea 
withdrew as the Belt geosyncline was gradually uplifted. Following the 
withdrawal of the sea, the Laramide Revolution produced great ranges of 
mountains in North America.
The folded and faulted sediments from the geosyncline provided 
conditions favoring rapid erosion and accelerated deposition at the end 
of the Mesozoic Era. The rapid erosion of these newly formed mountain 
ranges supplied large quantities of gravel, sand, silt, and clay, which 
were carried by streams to adjacent plains and intermontane basins. The 
intermontane basins in western Montana were filled to depths over 20,000 
feet with such sediments. This rapid erosion produced a peneplain before 
the end of the Oligocene Epoch of the Cenezoic Era. The monadnocks of 
this peneplain were composed of the more resistant Belt Series quartzite, 
limestone, and argillite.
During the Miocene Epoch of the Cenezoic Era, the mountain 
ranges which were formed during the Laramide Orogeny were rejuvenated.
The sediments which were deposited during the Paleocene, Eocene, and 
Oligocene Epochs were rapidly eroded away. This rejuvenation of these 
mountain ranges exhumed the existing peneplain, leaving the topography 
nearly as it stands today. The higher peaks in the Missoula area are 
the remnants of this pre-existing peneplain.
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The mountain ranges in northwestern Montana mostly trend in a 
north-south direction. The intermontane valleys are filled with erosion- 
al debris from adjacent mountains which are constructed mainly of Belt 
Strata. Pleistocene glaciation is responsible for the many shallow 
lakes present in the Swan Valley, kettleholes in the Blackfoot Valley, 
and terminal and ground moraines found in many of the tributary valleys, 
of the major streams draining northwestern Montana. Glaciation is also 
responsible for the lake deposits and shoreline formations which are 
attributed to Glacial Lake Missoula. Mountain glaciation produced many 
cirques, tarns, and U-shaped valleys in northwestern Montana.
During the Wisconsin Glaciation, the Clark Fork River had its 
drainage outlet blocked by a glacial dam which was located east of Lake 
Pend Oreille in northern Idaho. The result of this blockage was the 
formation of a large glacial lake called Glacial Lake Missoula. This 
large lake covered almost all of west central Montana except those areas 
above 4,200 feet. The most prominent features which were left by this 
glacial lake are the wave-cut shorelines. The elevation of the shores 
decreases to the northwest from the city of Missoula, Montana, to an 
elevation of 3,100 feet at Plains, Montana. These shorelines are very 
prominently displayed in the Bitterroot, Missoula, Ninemile, and parts 
of the Jocko and Flathead Valleys.
The draining of Glacial Lake Missoula, as well as the retreat 
and disappearance of the many glaciers, exposed large areas of land. 
These newly exposed land areas were invaded by vegetation. The plants 
which migrated into these areas originated from regions which had not 
been glaciated. The plant species which migrated into the spruee-fir
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zone of noirthwestern Montana came from the north, northwest, west, and 
south (Kirkwood, 1922).
The soils which typically develop in the spruce-fir forests 
of northwestern Montana are called Brown Podzolic soils (Nimlos, I963). 
These soils have been developed from Belt Series argillites, quartzites, 
and limestones. The Brown Podzolic soils are developed in areas of fine 
textured or calcareous materials with an annual precipitation in excess 
of 25 inches or in areas with acid coarse textured materials and 17 or 
more inches of annual precipitation.
The Brown Podzolic soils of northwestern Montana feature the 
following soil horizons (Nimlos, 1963)1 Aoo, A2, Bir, and A'2 and B'2 
or B ’t. The uppermost Aoo horizon is composed of 1 to 2 inches of loose 
litter (litter layer) and partially fermented conifer needles and twigs 
(fermentation layer); humus (humus layer) is usually lacking. The A2 
horizon is gray or light gray in color and almost f  inch thick in some 
soils. The A2 horizon is usually lacking; and, when present, it is 
discontinuous. Pedologists who have studied these soils are baffled by 
the absence of the A2 horizon in some soil profiles. When the A2 horizon 
is absent, the Bir horizon is found directly beneath the Aoo horizon.
The Bir horizon is the most prominent feature of the Brown Podzolic soil 
because of the bright stains of sesquioxides and organic matter on the 
bottom of the stone fragments. The Bir contains moderately coarse matter 
which is fluffy when dry and friable when moist. The Bir horizon is set 
sharply apart from the other soil horizons and 4 to 18 inches thickj it 
is very bristly colored and often contains concretions called shot.
The A'2 and B'2 or B't horizon is directly beneath the Bir horizon; it
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has both eluviated and llluvlated characteristics. In some soil profiles 
the Bir horizon is laying on a horizon of illuviated clays called the B't 
horizon. These Brown Podzolic soils are acid in nature with pH values 
ranging from ^.0 to 6.0.
The climate of west central Montana is strongly influenced by 
the prevailing westerly winds from the Pacific Ocean and by the presence 
of the Continental Divide. The winter storm tracks usually follow a 
course roughly parallel to the U.S.-Canadian Border, These storms bring 
the warm, moist air from the Pacific with them. The winter storms which 
cross Washington and northern Idaho drop most of their precipitation on 
the windward sides of the mountains in Idaho leaving rain shadows on the 
leeward sides. However, in the area between the Purchell and Cabinet 
Mountains of northwestern Montana, there exists a low pass which allows 
this warm, moist air to flow without dropping its water content. This 
air is diverted down the Flathead Valley toward the south by the ridge 
of mountains that form the Continental Divide. It is for these reasons 
that west central Montana enjoys a mild, moist. Pacific Coast climate.
The climate of west central Montana is characterized ty warmer 
winters, cooler summers and more cloudiness than those areas east of the 
Continental Divide some 60 to 80 miles away. Snow accumulates in the 
higher mountains of west central Montana from October until May. May, 
June, and October are usually the months of the greatest amount of rain. 
The months of July, August, and September are generally clear and dry 
with only occasional and widely scattered thunderstorms. (See TABLES IX 
and X)
The annual average precipitation for valley weather stations
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is greatest in the northern portion of northwestern Montana. The annual 
average precipitation for the Missoula Valley is 13 inches, while the 
annual average precipitation for the Flathead Valley is just under 15 
inches. Annual precipitation records for the mountains are generally 
lacking. Snow accumulation, however, is usually between k and 13 feet 
with 20 to 60 inches of water content. The snow depth and water content 
depends largely on the location and elevation of the mountain peaks and 
passes. (See TABLE IX)
Chapter III 
METHODS
The quantitative sampling began In August, 1963. The sampling 
season In west central Montana begins late In June or early July and 
extends through August. The length of the sampling season depends upon 
the weather and elevation; It cannot start until the understory plants 
are In foliage. Sampling at elevations near 4,000 feet starts late In 
June; above 6,000 feet. It cannot begin until late In July.
The spruce-flr understory plants were collected. Identified, 
and pressed during the summer of 1963. Booth and Wrl^t (1962), Cobb 
(1963)1 Booth (1950), Davis (1952), Hitchcock (revised Chase, 1951). 
and Moss (1959) were used for plant Identification.
During this study, the primary objective was to sample many 
different age and size classes of spruce-flr communities. The reason 
for this procedure was to obtain a sample of all the existing variety In 
the study area. Stands considered climax forests and stands presently 
being Invaded by spruce and fir were sampled. The sampled stands were 
all In Missoula County. The reason for this was the desire to describe 
the successlonal pattern for one area, which could be related to other 
areas where more complex patterns exist.
Several standards had to be met before a community could be 
sampled. The size of the community was usually between 15 and 20 acres; 
however, a few smaller than 15 acres were also sampled. Since sampling 
was done well within the stand to avoid edge effects, the exact shape of
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the community was not a critical factor. The stands having evidence of 
heavy disturbance during the past 20 years were not sampled. The stand 
had to be homogeneous in tree composition and located on well-drained 
sites. Spruce-fir stands located in bogs were not sampled.
A stand to be sampled was first examined visually by walking 
through the community. During this reconnoitering, the stand was given 
an inspection for evidence of fire, cutting, and grazing, as well as 
homogeneity and size.
Sampling was started by first recording the stand number, date 
of sampling, elevation, topographic location, slope direction, and the 
distance from a known landmark. The trees in the community were sampled 
by the quarter method (Cottam and Curtis, 1956). The understory plants 
were sampled by 20, one meter square quadrats.
The tree and sapling distances were measured by using an optical 
range finder (6 inches long). Tree distances were measured ty using a 
meter stick at a distance of 3 feet above the forest floor. Trees with 
a diameter of 1 to 4 inches were considered as saplings. If a sapling 
could not be located within 100 feet of the point, the nearest sapling 
beyond 100 feet was used; it was recorded as having a distance of 100 
feet. The following woody species were recorded as shrubs: Acer glabrum, 
Sorbus scopulina, Taxus brevlfolia, Salix scouleriana, and Alnus crispa.
The sampling procedure consisted of establishing 20 points 15 
paces apart. The 20 points were constructed by walking along a compass 
line or in a zigzag manner to avoid contact with the periphery of the 
community. The first point in the stand was located by throwing the 
meter stick into the stand, and where it landed, the first point was
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established. This procedure was followed to insure an objectively 
selected first point to begin the sampling. The meter square (im X Im) 
quadrat for sampling the under story plants was always constructed in the 
upper right quadrant of each point. Tree seedlings, herbs, and shrubs 
growing within the quadrat at each point were recorded. A total species 
presence list of all vascular plants was compiled for each stand.
Soil samples were collected in quart-size polyethylene bags.
The fermentation and humus layers of the Aoo soil horizon were taken 
from three different locations within the stand. The Bir soil horizon 
was collected similarly to the Aoo soil horizon, as well as the A2 soil 
horizon when it was present. The soil samples were later air dried and 
sieved through a 2mm mesh screen. A portion of each sample was tested 
for calcium, magnesium, potassium, phosphorus, nitrate, ammonia, pH, and 
organic matter at the Soil Testing Laboratory at Madison, Wisconsin,
The data are expressed in pounds per acre for the elements and radicals 
and tons per acre for the organic matter. The soil water holding ability 
was expressed in per cent and was determined at the University of Montana 
School of Forestry.
Summation of the field data was done in the plant ecology 
laboratory at the University of Montana. Relative dominanee, density, 
and frequency were calculated and summed, to determine the importance 
value for each tree species in each stand as done by Cottam and Curtis, 
1956. Sapling importance values were calculated from the summation of 
relative density and frequency values. Tree and sapling densities per 
acre were compiled, as well as dominance per acre for each tree species. 
Quadrat frequency was calculated for the understory plants.
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Twenty-seven stands were sampled during the investigation. Six 
spruce-fir forests were sampled in the summer of 1963; the remaining 21 
stands were sampled in the summer of 1964. During the summer of 1965» 
the 2? stands were frequently revisited. Some stands were again sampled 
in 1965 to determine the accuracy achieved by the quarter method (Cottam 
and Curtis, 1956). The results of this resampling demonstrated accuracy 
of 8 ^  or better when comparing the same two stand's summation values.
The understory and tree species distribution and occurrences were also 
studied in greater detail during the summers of I965 and I966. In order 
to achieve a thorough understanding of these species, the following areas 
were visited; Glacier National Park, Montana ; Grand Teton National Park, 
Wyoming; Yellowstone National Park, Wyoming; various parts of the central 
Rocky Mountains in Colorado; southern Alberta, Canada ; and various other 
areas in Washington, Idaho, and Montana. In addition to these visual 
observations, all the forest stands which were sampled by the quarter 
method and stored in the University of Montana plant ecology laboratory 
were studied. The phytosociological study ceased in August, 1971.
Chapter IV 
ORDINATION OF COMMUNITIES
After the tree and sapling importance values and understory 
plant frequencies were calculated, the stands were ordinated by means 
of a computer program prepared by Dr. Robert Ream, Plant Ecology Labor­
atory, University of Wisconsin. Index of Similarity values were calcu­
lated and these were used to construct multi-dimensional ordinations of 
the communities.
The formula for computing the Index of Similarity between any
two stands is; C = — — —  X 100 where C is the Index of Similarity, a isa + b
the total quantitative data in one stand, b is the total quantitative 
data in another, and w is the sum of the lowest values two stands have 
in common with each other.
Two ordinations were constructed by the method described by 
Beals(l960). One ordination was based on the tree and sapling species. 
The other was based on the understory species. The quantitative data 
which were used to compute the Index of Similarity values based on the 
tree and sapling species were as follows: relative frequency, density,
and dominance for the trees and relative frequency and density for the 
saplings. Quadrat frequency data were used to calculate the Index of 
Similarity values based on the understory species. Before the under­
story species ordination data could be programmed and computed, the data 
to be used had to be selected. The following criteria were used in the 
selection of the plant data; an autophytic herb or shrub, present in
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three stands, and a 20fo frequency in at least one stand.
The method which was used to arrange stands is the same as that
described by Beals (196O). The stand which has the lowest sum Index of 
Similarity values is considered to have the least in common with all the 
other stands. This stand is chosen as the first end stand for the X-axis 
or primary axis. The stand which has the least in common with this stand 
is chosen as the other end stand for the X-axis. The length of the axis 
depends on the dissimilarity between the two end stands. All other 
stands are plotted along the X-axis according to their dissimilarities 
with each end stand. When all the stands are plotted on the X-axis, 
several stands are usually found near the center of the axis which are 
actually very dissimilar. The two most dissimilar stands which are 
located within the central 10^ of the X-axis are used to construct a 
Y-axis or secondary axis. This axis is constructed perpendicular to the 
X-axis. The length of this axis is also determined by the dissimilarity 
between the two end stands. The other stands are replotted along the 
Y-axis according to their dissimilarities with each Y-axis end stand.
If the Y-axis does not satisfactorily arrange the stands spatially, a 
Z-axis or tertiary axis may need to be constructed. The Z-axis is 
constructed perpendicular to both the X and Y axes.
Community ordinations are attempts to describe and classify
vegetation, as well as to achieve some insight into the community dy­
namics associated with apparent continuous stand variation. The con­
struction of an ordination is made possible by obtaining quantitative 
measures of the members of each plant community. Stands are arranged 
in an ordination on the basis of their relative dissimilarity with each
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other. Stands which have an Index of Similarity value of or greater 
are usually considered to be identical because re-sampling the same 
stand gives values from 85̂  to 10(% similar. Therefore, in practice, 
Index of Dissimilarity values are found by subtracting each Index of 
Similarity value from 8^. The Index of Dissimilarity values are used 
as direct measures of spatial distance in ordering each stand along an 
axis in relation to all other stands.
Following construction of the tree and understory ordinations, 
the stands appeared to present a meaningless arrangement. The tree 
ordination produced a tight grouping of all the old-age stands near one 
young-age end stand(#28). The young-age stands were well distributed 
compared to the old-age stands. The understory ordination produced a 
linear, diagonal arrangement of the stands. The linear arrangement 
started with a stand which had the greatest number of species and ended 
with a stand which had the least. The ordinations were extremely dis­
similar; the expectation was that both would be reasonably similar.
After many attempts to produce similar ordinations for both the 
tree and understory ordinations; it became evident that any useful multi­
dimensional arrangement of the stands could not be achieved with both 
young-age and old-age stands in the same ordination. Therefore, these 
stands had to be separated from each other before a useful system of 
arranging them could be accomplished. A useful arrangement has all 
similar stands close together and dissimilar stands farther apart. The 
first attempted tree ordination placed the old-age stands close together 
although they were not all alike. (See Fig. 1 and TABLES IV & V)
Before the young and old stands could be separated from each
2k
other, a set of criteria had to be established to judge which stands 
were old. A stand was judged as old-age if it had any of the following 
characteristics present in its quantitative data;
1. one Abies lasiocarpa 21 inches in diameter or larger.
2. one Picea engelmannii 31 inches in diameter or larger.
3. six Picea engelmannii 21 inches in diameter or larger.
The tree diameters were accepted as an index of tree age; actual tree 
age was not determined. The young-age stands for the purpose of this 
study are: #?, #13, #17, #6, #12, #22, #l6, #14, #23, #24, #25, #2?,
#26, and #28. These stands were left exactly as they were plotted in 
the first attempted ordination. (See Fig. 2) The arrangement of these 
stands was called the young-age ordination.
The remaining stands were: #8, #1, #3, #9, #15, #11, #5, #10,
#2, #20, #4, #19, and #21. These stands were considered to be the most 
mature communities of all those sampled. After studying the importance 
values for each stand, it became evident how similar their importance 
values were. The immediate problem became the selection of the correct 
measures to use for construction of an ordination of these old stands, 
which would arrange all the stands satisfactorily. To construct a good 
ordination, quantitative measures which are contrasting present the best 
multi-dimensional system for ordering stands in relation to one another. 
Searching the quantitative data of these stands for the best contrasting 
measures, observation revealed how dissimilar their understories were. 
Therefore, it seemed most appropriate to select understory plant species 
from these old stands, which would reflect contrasting environmental 
conditions. The plants to be chosen must have the ability to achieve
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quadrat frequencies of 100^ and have wide geographic range, as well as 
having altitudinal limits and show definite responses to available soil 
moisture.
The following groups of plants appeared to meet all of the 
necessary requirements:
GROUP 2_______GROUP 1_______
Xerophyllum tenax 
Vaccinium scoparium 
Menziesia glabella 
Vaccinium membranaceum
Tiarella unifoliata
Clintonia uniflora
Osmorhiza chilensis
______ GROUP 3______
Chimaphila umbellata 
Linnaea borealis 
Taxus brevlfolia 
Pachistima myrsinitesSenecio triangularis 
These plants visually seemed to be reliable plant indicators of special 
environmental conditions. Tiarella, Clintonia, Osmorhiza, and Senecio 
were abundant in the communites which always had moist soil conditions. 
Xerophyllum, Menziesia, and the Vacciniums were the most prevalent plants 
in stands of high-elevation, well-drained soils generally above 4,^00 
feet. Pachistima, Linnaea, Chimaphila, and Taxus were the most prevalent 
in stands of low-elevation, well-drained soils generally in ravines below 
^,500 feet down to 3,400 feet.
The old stands were now placed in a special matrix which con­
taining the tree importance values and the understory plants' quadrat 
frequencies from the select plant groups. Since the sapling importance 
values were almost the same for all stands, they were omitted from the 
matrix. The reason for omitting these values was to provide greater 
dissimilarity for the stands' spatial arrangement. The results of this 
system were highly satisfactory. (See Fig. 3 and TABLES IV & V) The 
arrangement of these old stands was called the old-age ordination.
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The Index of Similarity values for these old-age stands were
obtained differently than the C = — — —  described by Beals (196O).a + b
2w
The lowest values which two stands had in common with each other were 
added. This was w, the total of values the stands had in common. The w 
was not multiplied by 2 but was divided by the higher value of either a 
or b, not the addition of both. The reason for rejecting Beals' method 
was that it made some stands have greater similarity to each other than 
they actually attained. Beals' method was discovered to work favorably 
only if a and b values were the same number for both stands involved.
In constructing the special ordination of the understory and 
overstory measures, stand #11 had the lowest sum Index of Similarity 
values. This stand was chosen as the first end stand for the primary 
or X-axis. Stand #21 had the least in common with this stand and was 
chosen as the other end stand for the X-axis. The two most dissimilar 
stands which were located in the central 10^ of the X-axis were stands 
#5 and #8. These stands were chosen as the end stands of the secondary 
or Y-axis. Construction of a tertiary or Z-axis was not necessary 
because the Y-axis satisfactorily arranged the stands spatially.
Thus, two ordinations were constructed of the forest stands.
One ordination was constructed for the young-age communities using the 
tree and sapling importance values and called the young-age ordination. 
Another ordination was constructed for the old-age communities using the 
tree importance values and twelve specially selected understory plants 
quadrat frequencies and called the old-age ordination. Both of these 
ordinations were used to illustrate various plant behavior patterns.
(See Figs. k - 111)
Chapter V 
DISCUSSION OF RESULTS
This phytosociological study encountered 96 different species 
of vascular plants. The species list included 9 trees, 30 shrubs, and 
57 herbs. The trees which were most frequently members of the sampled 
communities were Picea engelmannii, Abies lasiocarpa, Larix occidentalis, 
Pseudotsuga menziesii, and Pinus contorta. The understory species which 
had frequencies greater than 75^ present were Vaccinium membranaceum, 
Vaccinium scoparium, Xerophyllum tenax, Menziesia glabella, Chimaphila 
umbellata,•Osmorhiza chilensis, Tiarella unifoliata, Linnaea borealis. 
Promus vulgaris, Arnica latifolia, Viola orbiculata, Pyrola secunda, and 
Clintonia uniflora.
The sampled communities had canopies of extreme compositions.
The old-age communities had canopies composed of from nearly pure stands 
of Picea engelmannii to varying mixtures of Pinus contorta, Pseudotsuga 
menziesii, Larix occidentalis, Pinus albicaulis, Abies lasiocarpa, and 
Thuja plicata. The young-age communities had canopies of from nearly 
pure Pinus contorta to nearly pure Abies lasiocarpa with varying admix­
tures of Picea engelmannii, Pseudotsuga menziesii, Larix occidentalis, 
Pinus albicaulis, and Thuja plicata. (See TABLE IV)
The structure of the old-age communities was usually found to 
have Abies lasiocarpa leading in relative density and Picea engelmannii 
leading in relative dominance. (See Figs. 84, 85, 88, & 89) This 
unique structural arrangement seems to become more pronounced with age
27
28
and elevation. The best development of this structural arrangement can 
be found on ridges and slopes above 5»800 feet. The development of this 
structure is apparently intimately connected with late June snow cover. 
(See TABLE IX) This snow cover which shortens the growing season can 
be found annually and extends sometimes into early July. This late snow 
cover appears to enhance Abies lasiocarpa reproduction and to suppress 
Picea engelmannii reproduction. Engelmann spruce reproduction seems to 
respond more favorably in areas where early snow melt provides a longer 
spring growing season and more sunlight.
Old-age communities which developed on soil that remains moist 
throughout the summer months were usually found to be almost completely 
dominated by Picea engelmannii. These communities were most frequently 
encountered in ravine bottomlands and on contingent slopes at the lowest 
elevations. They all begin as peninsular extensions of the main Picea- 
Abies forest and become more dominated by Picea engelmannii tree growth 
and sapling reproduction as the elevation lowers. Such communities only 
develop in ravines which maintain summer streams. When Thuja plicata 
occupies these low-elevation sites, Picea engelmannii dominance(relative) 
is significantly reduced. However, these Thuja plicata communities are 
not very often encountered in the Missoula region. When they are present 
in a stream ravine, they are rarely saved from destruction. These relic 
communities are commonly devastated by logging and by construction of 
logging access roads through them. Abies grandis is sometimes present 
on these low-elevation sites. Picea engelmannii dominance(relative) is 
also significantly reduced when this species is present. Other common 
occupants of low-elevation sites within the Missoula region are Populus
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trlchocarpa and Betula papyrlfera. When they are present in a stream 
ravine, Picea engelmannii dominance(relative) is not significantly or 
effectively reduced. The unique feature of these low-elevation forests 
is the apparent inability of Abies lasiocarpa to become a major part of 
these forests. Occasionally Populus trichocarpa, Betula papyrifera, 
Picea engelmannii, Abies grandis. Thuja plicata, as well as, Pseudotsuga 
menziesii and Larix occidentalis form complex and dynamic communities on 
these sites. However, all of these communities are seldomly found large 
enough to sample adequately or undisturbed.
The old-age ordination was developed with stands #11 and #21 as 
X-axis end points and stands #8 and #5 forming the Y-axis (See Fig. 3). 
The stands on the left side of the ordination had soils containing more 
moisture than those on the right, while those stands on the top half of 
the ordination are generally higher in elevation than those below them. 
The stands which had moist soils are located in or near the upper left 
quadrant. These stands were #15, #11, #5, #10, #, #9, and #1. Stands 
which were high-elevation, well-drained communities are located in the 
upper right quadrant. These stands were #2, #20, #4, #19, and #21. The 
only true low-elevation, well-drained community which could be sampled 
in the study area was stand #8.
After studying the sapling relative density values, it would 
seem that Abies lasiocarpa is the only true climax species present in 
old-age Picea engelmannii-Abies lasiocarpa communities. Subalpine fir 
reproduction is so prolific, it makes Engelmann spruce appear incapable 
of maintaining a youthful generation in old-age communities. However, 
every community sampled and visited had a sufficient number of viable
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spruce saplings present in the understory to either increase or maintain 
its relative density. The subalpine fir saplings were commonly so many, 
they would conceal Engelmann spruce reproduction from the quantitative 
data of the quarter method. If subalpine fir sapling reproduction was 
as successful as it now seems, numerous communities entirely dominated by 
Abies lasiocarpa would be ubiquitous. Since these stands are exceptions, 
subalpine fir saplings must not be as viable as they appear. In all the 
communities sampled, Abies lasiocarpa tree diameters were mostly 4-6 or 
4-8§ inches. (See TABLE XI) Thus, before the 9-11 inch bole size is 
reached, tree viability must decline rapidly. Since Picea engelmannii 
is a long lived tree, this viability factor may be responsible for the 
maintainance of the unique structural arrangement of these Picea-Abies 
communities.
The structure of the young-age communities was commonly found 
to have Pinus contorta forming the major part of the forest canopy with 
Abies lasiocarpa and Picea engelmannii reproduction underneath. Since 
Pinus contorta cones do not open readily until seared, the origin of all 
these Pinus contorta communities is usually attributed to fire. Forests 
completely dominated by Abies lasiocarpa were difficult to find. Their 
origin is probably due to a year which had a peak seed crop. Invasions 
of Abies lasiocarpa reproduction seem to be a common event for forests 
which provide deep shade. (See Figs. 69 & 71) Picea engelmannii has 
its highest sapling relative densities in low-elevation communities with 
moist soils and in high-elevation communities with adequate supplies of 
light and buried, moist, decaying logs, (See Figs. 68 & ?0 and TABLES 
II & IV) Picea engelmannii seeds seem to germinate and become readily
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established on rotting logs; however, their survival rate is probably 
extremely low. Many decaying logs become buried in the litter layer. 
When these logs are nearly buried in the litter layer, the establishment 
and survival of viable Picea engelmanii seedlings appear to ameliorate. 
After the snow melts in late June, the rainy season has ended; therefore, 
the seedlings need a place to survive the summer drouth which is usually 
several, long, continuous weeks of bright sunshine and no precipitation. 
(See TABLE X) Since Picea engelmannii early root growth is always slow, 
these buried, decaying logs seem to retain enough moisture to nurture 
early growth until the roots are firm in the soil. In high-elevation 
communities, survival appears intimately connected to the availability 
of these logs. If these logs are mainly furnished by Abies lasiocarpa 
which suffers severely from heart rot, this may link spruce and fir as 
inseparable associates. The number of trees which have survived this 
stage in their life cycle can be counted by observing the Picea which 
have fluted trunks. The Picea which germinate directly in the soil and 
survive have trunks which are not fluted ; however, the former are more 
susceptible to wind-throw than the latter.
The young-age ordination was developed with stands #23 and #28 
as X-axis end points and stands #7 and #14 forming the Y-axis of the 
ordination (See Fig. 2), The stands on the left side of the ordination 
have overstories dominated by Pinus contorta and sapling understories 
which are composed mainly of Picea engelmannii. The stands on the right 
side of the ordination have overstories dominated by Abies lasiocarpa 
and sapling understories which are composed mainly of Abies lasiocarpa. 
The Y-axis is crudely arranged from low to high elevation, although the
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arrangement is not very evident. (See TABLE VII)
To facilitate descriptions of old-age communities, it becomes 
necessary to attempt an arbitrary classification of Picea-Abies forests 
in the Missoula region. Using elevation and soil moisture, derivation 
of three natural old-age Picea-Abies communities can be achieved. These 
old-age communities can be classified as growing on three very different 
habitats. These three habitat types are: high-elevation, well-drained;
low-elevation, well-drained ; and moist. Since overstory tree species 
exhibit both serai and climax aspects, understory shrubs and herbs may 
also reflect climax characteristics. Assuming these old-age understory 
shrubs and herbs to represent climax vegetation, the plants which could 
display quadrat frequencies of 100^ and have wide geographic ranges were 
chosen as the best indicators of each particular forest habitat type.
The understory plants which evinced the most consistency toward being 
present together were then selected from this list of species. These 
indicator species appeared to reveal a natural tendency toward showing a 
high frequency or a low frequency response in groups of four(a tetrad). 
Understory plants which are indicative of each forest habitat type are;
High-elevation Low-elevation  Moist_______
Xerophyllum tenax Chimaphila umbellata Tiarella unifoliata
Vaccinium scoparium Linnaea borealis Clintonia uniflora
Menziesia glabella Taxus brevifolia Osmorhiza chilensis
Vaccinium membranaceum Pachistima myrsinites Senecio triangularis
Communities, in nature, do not readily lend themselves to any 
artificial classification system. However, quantitative data can assist 
an observer in attempting a logical arbitrary determination. In nature.
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communities extend over a considerable distance and can not be expected 
to be completely homogeneous throughout their extent. Seldom is a stand 
ever dominated by only a single species to the exclusion of all others. 
Therefore, the use of multi-dimensional ordinations allows the placement 
of any given stand within a continuum array. The unique feature of any 
multi-dimensional ordination is its ability to classify communities in 
nature without restricting them to any certain definite conditions.
The three forest habitat types of old-age communities manifest 
their own peculiar preference for certain plant gradient responses. The 
unique feature of the low-elevation, well-drained habitat is a definite 
propensity for wintergreen species. (See T.iBLE Vl) The moist habitat 
failed to have any shrubs which could be used as indicator species. The 
high-elevation, well-drained habitat manifested few floristic elements 
from the other communities, while the high-elevation floristic elements 
assert their presence in all communities. (See TABLE V)
Various individual plant responses to different age-gradients, 
elevations, soils, and exposures are shown by Figs. A--55. These figures 
exemplify the pioneer and climax tendencies of the individual species. 
For example, Xerophyllum tenax(See Figs. 4 & 6), can be shown to have a 
much higher response in young communities than in the old communities. 
This fact can also be stated for Vaccinium scoparium(See Figs. 5 & 7). 
Tiarella unifoliata shows a greater response in old communities than it 
does in any young community(See Figs. 20 & 22). Pachistima myrsinites 
and Taxus brevifolia present an altitudinal response(See Figs. 16-19). 
Osmorhiza chilensis and Senecio triangularis present a greater response 
in communities with moist soil conditions(See Figs. 32-35). Exposures
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presented better quality or poorer quality in plant growth rather than 
an increase or decrease in any particular species response. Quality of 
plant growth is a visible fact and could not be measured by the sampling 
method which was employed for this phytosociological study.
Following destruction of a spruce-fir forest, the understory 
plants which have underground regenerative stems can respond immediately 
to increased sunlight. Menziesia glabella and Vaccinium membranaceum 
sometimes grow profusely without a limiting overhead canopy to control 
their growth forms. Such responses by these shrubs are better on shaded 
slopes than on sun slopes. Xerophyllum tenax and Vaccinium scoparium 
displayed more aggressive vegetative and reproductive powers in full and 
open sunlight than under the cover of a forest canopy. Xerophyllum was 
noticed in anthesis only in stands which provided sufficient sunlight. 
Arnica latifolia was also noticed to present this same habit. A certain 
number of plants are adapted to growing in soils which provide generous 
amounts of organic matter, especially rotting wood. These plants are; 
Calypso bulbosa. Listera cordata, Goodyera decipiens, Pyrola asarifolia, 
Pyrola uniflora, Pyrola virens, Pyrola picta, Pyrola secunda, Monotropa 
hypopithys, Corallorhiza maculata, and Pterospora andromedea. When the 
wintergreen species Chimaphila umbellata, Linnaea borealis, Pachistima 
myrsinites, and Taxus brevifolia are exposed to alot of direct sunlight, 
they manifested definite signs of chlorosis. Some plants which become 
established early in a stand's history are difficult to eradicate or to 
reduce from the understory flora. Plants may also reflect past history.
The soils of the Picea-Abies communities are brown podzolic. 
These soils are strongly acidic. The pH of the organic Aoo layer ranged
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from 4.4 to 6.0 in the old-age communities and 4.0 to 5.7 in the young- 
age communities. The pH of the Bir layer ranged from 4.9 to 5.7 in the 
old-age communities and 4.9 to 5.8 in the young-age communities. Other 
soil characteristics are presented in TABLE VIII. The water holding 
capacities and organic matter were not utilized in determining a stand's 
habitat type. The habitat types were determined visibly by the responses 
of the individual plant group to the canopy cover and moisture conditions 
which the environment provided.
Chapter VI 
SUMMARY
During the summers of 1963 and 1964, phytosociological data were 
obtained from 2? spruce-fir forests in the southern part of northwestern 
Montana. The study area was located within a radius of 40 miles from 
the Missoula Valley. The objective of the study was to develop a quanti­
tative vegetational ordination which would give some understanding of 
Picea-Abies distribution and compositional variability at different ele­
vations and exposures. Therefore, stands presently being invaded by 
spruce and fir and stands considered climax forests were favored during 
the sampling period.
The trees in these spruce-fir communities were sampled by the 
quarter method (Cottam and Curtis, 1956). The understory plants were 
sampled by a meter square (im X Im) quadrat. The quantitative data were 
obtained almost entirely from Missoula County which is located in the 
southern part of northwestern Montana.
In the summers of 1965 and 1966, the understory plant and tree 
species distribution and occurrence were studied in greater detail. In 
order to achieve a thorough understanding of these, the following areas 
were visited ; Glacier National Park, Montana; Grand Teton National Park, 
Wyoming; Yellowstone National Park, Wyoming; various parts of the central 
Rocky Mountains in Colorado; southern Alberta, Canada ; and various other 
areas in Washington, Idaho, and Montana. In addition to these visual 
observations, all the forest stands which were sampled by the quarter
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method and stored in the University of Montana plant ecology laboratory 
were studied. The phytosociological study ceased in August, 1971,
In the Missoula region, spruce-fir forests are found growing on 
three very different forest habitat types. These forest habitats are 
derived from elevation and soil moisture conditions. The three habitat 
types are: high-elevation, well-drained; low-elevation, well-drained;
and moist. The spruce-fir forests develop from one of these particular 
habitats which exhibit a preference for a definite assemblage of plants. 
These plants displayed a natural tendency to respond in groups of four. 
The plants which are most often found on high-elevation, well-drained 
habitats are Xerophyllum tenax, Vaccinium scoparium, Menziesia glabella, 
and Vaccinium membranaceum. The plants which are most often found on 
low-elevation, well-drained habitats are Chimaphila umbellata, Linnaea 
borealis, Taxus brevifolia, and Pachistima myrsinites— all wintergreen 
species. The plants which are most often found on moist habitats are 
Tiarella unifoliata, Clintonia uniflora, Osmorhiza chilensis, and Senecio 
triangularis. These spruce-fir communities were given a position in a 
multi-dimensional ordination, but the communities were not ascribed a 
restrictive label.
Two ordinations were developed to provide some understanding of 
spruce-fir distribution and compositional variability at different ele­
vations and exposures in the Missoula region. One ordination was devel­
oped by extracting all the old communities from the young communities. 
Another ordination was developed with just the young communities. Both 
of these ordinations were used to show plant behavior patterns in the 
different age communities.
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The climax Picea-Abies forests in the Missoula region are found 
with Picea engelmannii leading in relative dominance and Abies lasiocarpa 
leading in relative density. Tree growth of Abies lasiocarpa shows signs 
of decreased viability with age. Abies lasiocarpa reproduction is found 
to be vigorous in all spruee-fir forests except the very lowest, while 
Picea engelmannii is vigorous in only the initial stages of spruce-fir 
developement and in the lowest elevation forest habitat types with wet 
soil. The forest soil in the Picea-Abies zone appears to be too dry for 
Picea to germinate on and become established directly. Picea engelmannii 
seems to overcome this apparent weakness by surviving on decaying logs. 
There appears to be a connection between the amount of these decaying 
trees and the viability of Picea reproduction.
The major serai tree species which are most frequently found in 
the spruce-fir zone of the Missoula region are; Pseudotsuga menziesii, 
Larix occidentalis, and Pinus albicaulis. The most abundant minor serai 
tree species is Pinus contorta. The largest Picea engelmannii measured 
during the investigation was 4$ inches at a height of 3 feet, while the 
largest Abies lasiocarpa measured 29i inches.
In conclusion, Picea-Abies forests are found projecting down 
mountain stream ravines and bottomlands from the main spruce-fir zone. 
These peninsular Picea-Abies forests are found only in ravines which can 
maintain summer streams. These forests are commonly found completely 
dominated by Engelmann spruce tree and sapling growth with subalpine fir 
frequently absent. When Abies grandis and Thuja plicata are present in 
these stream ravines, the development of Picea engelmannii forests is 
nearly inhibited.
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APPENDIX
ko
TABLE I. Shows the total list of vascular plants which were
encountered in the 2? sampled spruce-fir communities.
AGERACEAE
Acer glahrum
BERBERIDACEAE
Berberis aquifolium 
Berberis repens
BETULACEAE
Alnus crispa
CAMPANULACEAE
Campanula rotundifolia
CAPRIFOLIACEAE
Linnaea borealis 
Lonicera involucrata 
Lonicera utahensis 
Sambucus melanocarpa 
Symphoricarpos albus
CELEASTRAGEAE
Pachistima myrsinites
GOMPOSITAE
Antennaria racemosa 
Arnica cordifolia 
Arnica latifolia 
Hieracium albiflorum 
Senecio triangularis
GORNAGEAE
Gornus canadensis 
Gomus stolonifera
GYPERAGEAE
Garex concinnoides 
Garex geyeri 
Garex rossii
ELAEAGNAGEAE
Elaeagnus canadensis
ERICACEAE
Arctostaphylos uva-ursi 
Gautheria humifusa 
Ledum glandulesum 
Menziesia glabella
Phyllodoce empetriformis 
Vacclnium membranaceum 
Vaccinium scoparium
GRAMINEAE
Bromus vulgaris
JUNGAGEAE
Luzula glabra ta
LEGUMINOSAE
Lupinus burkei
LILIAGEAE
Glintonia uniflora 
Smilacina Stellata 
Streptopus amplexifolius 
Trillium ovatum 
Veratrum viride 
Xerophyllum tenax
MONOTROPAGEAE
Monotropa hypopithys 
Pterospora andromedea
ONAGRAGEAE
Gircaea pacifica
ORGHIDAGEAE
Calypso bulbosa 
Gorallorhiza maculata 
Goodyera decipiens 
Listera caurina 
Listera cordata
PINAGEAE
Abies lasiocarpa 
Juniperus communis 
Larix occidentalis 
Picea engelmannii 
Pinus albicaulis 
Pinus contorta 
Pinus monticola 
Pseudotsuga menziesii 
Thuja plicata 
Tsuga mertensiana
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TABLE I, (continued)
POLEMONIACEAE
Polemonium columbiaum
POLYPODIAGEAE
Athyrium filix-foemina 
Dryopteris spinulosa 
Gymnocarpium dryopteris 
Polystlchum lonchitis 
Polystichum munitum 
Pteridium aquilinum
PYROLAGEAE
Ghimaphila menziesii 
Ghiraaphila umbellata 
Pyrola asarifolia 
Pyrola minor 
Pyrola picta 
Pyrola secunda 
Pyrola uniflora 
Pyrola virens
RANUNGULAGEAE
Actaea arguta 
Ranunculus uncinatus 
Thalictrum occidentale 
Trautvetteria grandis
RHAMNAGEAE
Geanothus velutinus
ROSAGEAE
Amelanchier alnifolia 
Rosa gymnocarpa 
Rosa woodsii 
Rubus parviflorus 
Sorbus scopulina 
Spiraea lucida
RUBIAGEAE
Galium aparine 
Galium triflorum
SALIGAGEAE
Salix scouleriana
Tiarella unifoliata
SGROPHULARIAGEAE
Pedicularis racemosa
TAXAGEAE
Taxus brevifolia
UMBELLIFERAE
Ligusticum canbyi 
Osmorhiza chilensis
VALERIANAGEAE
Valerianna sitchensis
VIOLAGEAE
Viola glabella 
Viola orbiculata
SAXIERAGAGEAE
Boykinia major 
Mitella stauropetala 
Ribes lacustre
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ABBREVIATIONS 
FOR 
TABLES 
II, III, IV, and V.
S     .Picea engelmanni 1 (Engelmann spruce)
AF........... Abies lasiocarpa(Subalpine fir)
DF   .....   .Pseudotsuga menziesii(Douglas fir)
WBP.  Pinus albicaulis(Whitebark pine)
LP........... Pinus contorta(Lodgepole pine)
WRC.........   Thuja plicatafWestern redcedar)
WL........... Larix occidentalis (Western larch)
WWP   Pinus monticola(Western white pine)
MH, ....... Tsuga mertensiana(Mountain hemlock)
Xt.   .......Xerophyllum tenax(Beargrass)
Vs,...........Vaccinium scoparium(Grouse-berry)
Mg............Menziesia glabella{Fool's Huckleberry)
Vm............Vaccinium membranaceum(Big Whortleberry)
Tu...........Tiarella unifoliata(Coolwort Foamflower)
Cu.  .Glintonia uniflora(Queencup Beadlily)
Oc  .Osmorhiza chilensis(Wild Sweet Cicely)
St............Senecio triangularis(Arrowhead Ragwort)
Cum   Ghimaphila umbellata(Prince's Pine)
Lb.......... Linnaea borealis(Twinflower)
Tb.  .Taxus brevifolia(Pacific Yew)
Pm............Pachistima myrsinites(Mountain Lover)
_________ OLD STANDS______ _______
Stands: 8 1 3 9 15 11 5 10 2 20 4 19 21
--------- 5 Î5 ~ “ ~ ï î f ' ^ “ "2 î ï ï T T ~
69 62 80 79 80 66 72 77 77 64 79 76 79
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2
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23 5 T " ^ “ T “5 57 39 ̂ ^ ---- Î “S----
32 27 74 68 75 70 70 78 17 18 68 32 80 79
6
1
2
1 5
25
7
1 21 
7 1
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TABLE II. Shows stand sapling composition by species from the quantitative data.
OLD STANDS YOUNG STANDS
Stands : 8 1 3 9 15 11 5 10 2 20 4 19 21 7 13 17 6 12 22 16 14 23 24 25 27 26 28 :Stands
S 50 10 15 10 5Ô 15 25 20 5 S 10 5 15 20 25 10 10 10 S
AF 70 40 30 30 35 30 75 10 80 30 60 15 60 AF 90 65 40 60 30 50 50 50 80 55 100 85 85 55 AF
DF 5 50 5 DF 70 50 5 5 DF
WBP 5 5 5 WBP 5 10 5 5 25 20 WBP
LP LP 5 5 LP
WRC 10 WRC 40 WRC
WL WL WL
WWP WWP WWP
MH MH MH
Stands : ~8 T T 9 15 11 5 10 2 20 T Î9 21 7 13 17 T  12 22 Ï5 l5 23 24 25 27 26 28 : Stands
TABLE III. Shows stand tree seedling quadrat frequencies by species from the quantitative data.
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TABLE IV. Shows stand tree structure from the quantitative data 
by the number each species has in each bole class size, 
(Class sizes are: 4-10^"; ll-ZOj"; 21-30?"; & 31-50".)
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TABLE V. Shows the quadrat frequency of per cent present for the 
habitat indicator plants in each stand's understory.
OLD STANDS YOUNG STANDSi
H] cn4 D* 
(D O A] Z C m
isH* (0
5 3
H
P H
S S.
? l
3  (D 
W  M
p
3p. “3
s l
CD <+ H* CD
S K"
M  3 "
Ss"(B P- m 
•
I
3c+
STANDS ; Ô 1 3 9 1*5 11 5 10 2 20 4 19 21 7 13 17 é 12 22 16 14 23 24 ̂  27 26 28
Life Cycles
Annual
Perennial 8 7 7 10 10 13 8 10 7 5 5 7 3 6 7 5 4 6 4 4 4 4 3 3 6 4 4
Foliage Types
Deciduous 2 3 3 5 7 10 6 7 3 3 2 3 1 4 2 2 2 2 3 2 3 1 1 3 2 1
Wintergreen 6 4 k 5 3 3 2 3 4 2 3 4 2 6 3 3 2 4 2 1 2 1 2 2 3 2 3
Stem Types
Herbaceous 3 5 5 8 8 12 6 9 4 2 2 4 1 2 7 3 2 5 2 2 1 2 1 1 3 1 2
Shrubby 3 1 2 2 2 1 2 1 2 3 3 3 2 2 1 1 1 1 2 3 2 2 2 3 3 2
Suffrutescent 2 1 1 2 1 1 1
Modified Stems
Gaudex 2 2 3 5 5 8 5 8 2 2 2 1 1 3 1 1 3 1 1 2 1 1 1 1 1 2
Rhizome 6 5 4 5 5 5 3 2 5 5 3 5 2 5 4 4 3 3 3 3 2 3 2 2 5 3 2
Flowering
Plant Types
Monocot 1 3 2 k 2 4 1 2 1 1 2 1 1 2 1 1 2 1 1 1 1 1 1 1 1 1
Dicot 6 U- 5 6 8 9 7 8 6 5 4 5 2 4 5 4 3 4 3 3 3 3 2 2 5 3 3
Fruit Types
Achene 1 1 1 2 3 3 4 1 1 1 1 1 1 1 1 1 1 1 1
Capsule 5 4 5 7 5 4 4 4 5 2 3 4 2 5 3 3 2 4 2 2 1 2 2 2 3 2 2
Berry 2 2 1 2 2 2 1 1 1 2 2 2 1 1 1 1 1 1 1 2 1 1 1 2 2 2
Flower Color
Pink 3 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1
White 1 k 3 5 5 7 2 5 2 1 1 3 1 2 4 2 1 2 1 1 2 1 1 1 2 1 1
Yellow 2 2 3 i). 5 4 5 4 4 3 3 3 1 2 2 2 3 2 3 1 3 1 1 3 2 2
STANDS : “8"T T T T5ÎTy ÎÔ T 20 T 19 21 y 13 17 y  12 22 16 14 23 24 25 27 26 28
^7
CO
§
Trees/ Sapl./ Tree Sapl,
Total f 
Species
Elevation Exposure Acre Acre Dist, Dist. Present
8 4,500’ E/ 254 473 13.1' 9.6’ 451 5,600* E/ 236 250 13.6 ’ 13.2’ 50
3 5,700’ N/ 293 l4l 12.2’ 17.6 ’ 35
9 5,400’ E/ 221 55 14.0’ 28.1’ 40
15 5,500’ NE/ 161 110 16.5' 19.9' 4211 5,000’ W/ 166 126 16.2’ 18.6’ 53
5 6,100’ NE/ 218 385 14.1’ 10.6’ 34
10 6,100’ SE/ 212 293 14.3’ 12.2’ 41
2 5,700’ W/ 265 309 12.8’ 11.9' 3120 5,900’ Ridge 220 261 14.1’ 12.9' 22
4 6,100’ Ridge 253 473 13.1' 9.6’ 35
19 5,900’ Ridge 213 164 14.3' 16.3' 1921 5.900’ Ridge 308 493 11.9' 9.4’ . . .  17. ,
Total M
CO
I
Trees/ Sapl./ Tree Sapl. Species
Elevation Exposure Acre Acre Dist. Dist. Present
7 4,300’ e/ 364 425 10.9’ 10.1’ 55
13 4,600’ V/ 833 538 7.2’ 9.0’ 48
17 5,600’ W/ 368 360 10.9' 11.0’ 27
6 5,500’ SE/ 295 390 12.2’ 10.6’ 36
12 5,000’ w/ 275 405 12.6’ 10.5’ 46
22 5,700’ sw/ 380 303 10.7' 12.0’ 30
16 5,900’ m / 589 915 8.6’ 6.9’ 20
14 5,500’ sw/ 329 493 11.5’ 9.4’ 32
23 5,900’ Ridge 504 268 9.3’ 12.8’ 21
24 5,800’ Ridge 342 656 11.3’ 8.2’ 18
25 5,800’ Ridge 528 403 9.1’ 10.4’ 14
27 5,900’ Ridge 505 349 9.3’ 11.2’ 2226 5,700’ Ridge 425 706 10.1’ 7.9’ 20
28 5.700’ E/ 950 923 6.8’ 6.9’ 22
TABLE VII. STAND CHARACTERISTICS.
%
I
M
g
ig
oi
Soil
pH
Mg lbs/ 
acre
NO3 lbs/ 
acre
Ca lbs/ 
acre
P lbs/ 
acre
K lbs/ 
acre
NH3 lbs/ 
acre
Water
HGlding
Capacity
TGns/acre
Organic
Material
Ago Bir Ago Bir Ago Bir Ago Bir Agg Bir Agg Bir Agg Bir Agg Bir Agg Bir
8 4.6 5.2 200 830 5 20 3200 42 300 435 75 20 60 67 62 Ô1.7 15.^
1 4.9 4.9 400 450 5 T 4500 500 42 108 525 220 10 30 167 29 83,1 7.6
3 4.9 5.4 480 250 5 5 5200 400 32 61 440 150 40 40 78 27 49.9 3.2
9 5.3 5.6 450 300 5 T 6200 200 32 120 470 175 20 60 72 40 76.0 9.6
15 5.1 5.6 350 310 10 T 5100 400 28 7 395 25 60 20 73 16 70.7 5.4
11 4.6 5.0 260 500 T 5 4500 350 29 30 445 80 20 60 17 25 81.2 9.7
5 4.7 5.0 430 200 T 20 4700 150 54 25 490 75 20 80 35 35 59.9 7.4
10 5.9 5.3 310 300 5 10 3700 500 26 7 415 95 20 40 65 28 62.4 8.9
2 5.3 5.2 600 480 10 T 6800 208 30 245 500 125 60 100 52 27 73.4 5.3
20 5.1 5.3 630 400 5 T 7000 200 19 120 500 50 30 60 121 30 68.0 9.44 4.4 5.1 200 260 T T 750 250 50 45 480 185 40 80 56 37 58.6 7.5
19 4.9 5.4 530 250 5 T 7800 200 24 50 450 75 60 60 109 29 71.3 9.8
21 5.0 5.5 450 280 5 T 3200 200 31 28 500 55 30 60 119 25 64.8 5.0
8
I
Sw
I
g
g
M
7 5.4 5.6 530 610 60 5 7300 850 95 300 410 225 100 90 46 41 50.3 5.5
13 5.7 4.9 100 190 10 5 3600 500 55 6 335 400 60 T 29 9 35.3 1.1
17 4.5 5.6 290 400 5 5 2800 200 23 40 440 140 40 80 132 30 73.4 8.2
6 6.0 5.7 730 500 T T 10000 200 119 175 445 115 100 100 65 25 58.8 5.012 4.5 5.5 190 650 T T 1300 280 22 110 440 115 15 60 41 25 81.8 7.622 5.4 5.8 600 480 5 T 7100 300 36 32 455 150 30 40 124 36 77.5 3.0
16 5.7 5.4 620 460 T T 7000 500 25 25 410 165 100 80 217 uo 61.7 7.4
14 4.0 5.3 90 200 5 T 600 200 16 46 290 40 15 100 35 1^ 73.4 4.5
23 4.6 5.7 330 550 5 T 1000 200 38 85 500 55 20 80 152 46 82.5 11.924 4.8 5.5 500 500 5 T 1000 200 40 175 415 90 30 60 133 53 51.2 11.2
25 ^.5 5.4 290 400 T T 800 150 22 85 475 255 20 60 136 54 64.2 11.2
27 5.0 5.6 490 410 5 T 3500 100 43 150 550 165 10 80 137 52 77.9 10.1
26 5.0 5.0 310 260 5 T 3000 120 27 55 490 116 15 100 141 28 78.2 5.1
28 4.9 5.7 400 200 5 5 1500 370 40 46 560 135 20 40 148 56 75.0 4.1
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TABLE IX. Shows northwestern Montana snowcourse data from 1962-1971 
for March-May with water content and snow depth in inches.
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Days Cloudy
1957
Jan Feb Mar Apr May Jun Jul Aug
22 18 25" 25 15 18 3 6
Sep Oct Nov Dec 
9 ^  21 23 19571958 24 26 24 21 11 13 5 7 12 9 27 28 1958
1959 25 21 25 18 16 15 4 11 17 18 21 21 1959I960 21 19 23 20 25 12 2 13 5 16 18 23 i960
1961 25 25 25 24 15 5 2 8 17 19 20 26 19611962 22 20 24 17 23 10 6 13 10 15 26 25 19621963 23 19 20 21 15 19 7 5 11 17 24 27 19631964- 28 20 22 21 22 17 5 11 12 14 23 26 1964
1965 30 25 12 19 19 12 3 12 20 15 27 24 19651966 28 24 17 18 9 18 3 9 10 19 27 27 1966
1967 25 22 23 20 15 16 1 1 3 21 20 24 19671968 25 13 21 17 16 23 2 13 19 23 22 27 1968
1969 30 22 15 22 13 14 4 2 17 19 20 25 19691970 27 20 20 23 17 15 8 2 14 16 23 24 1970
1957 6 5 3 1 6 5 13 17 14 1 5 2 1957
1958 1 4 2 1 5 16 18 8 12 1 1 1958
1959 2 2 5 9 7 18 13 2 2 2 1 1959
i960 5 2 4 6 2 12 23 10 11 2 2 6 i960
1961 2 3 1 5 16 19 14 5 8 7 1 19611962 4 1 3 2 10 11 10 14 5 1 2 1962
1963 2 4 2 9 4 21 13 12 6 2 1963
1964 1 3 2 5 3 8 18 15 6 11 2 3 1964
1965 7 5 4 11 17 11 6 10 1965
1966 1 2 7 4 11 3 19 16 11 8 1 1966
1967 2 1 5 9 9 16 23 16 2 4 2 1967
1968 5 2 7 5 3 18 9 5 4 3 1968
1969 4 8 3 7 6 16 23 4 4 4 1 1969
1970 2 4 3 2 6 8 14 23 7 11 1970
Total Annual
# of Days Thunderstorms Occurred Precipitation
1957 1 4 3 12 4 1 2 1957 12.2"
1958 1 7 9 8 8 3 1958 17.0"
1959 1 3 5 2 5 2 1959 16.3"
i960 3 3 3 5 i960 9.9"
1961 1 5 5 5 7 2 1961 14,1"
1962 8 5 7 6 2 1962 11.8"
1963 1 1 7 7 10 5 2 1963 14.9"
1964 1 2 8 2 1 1964 15.2"
1965 2 2 2 11 7 1965 14.2"
1966 1 7 5 7 3 7 1 1966 11.1"
1967 1 1 2 7 4 2 2 1 1967 12,4"
1968 1 3 4 6 1 1968 12.9"
1969 1 3 1 3 2 3 2 1 1969 13.2"
1970 3 5 10 3 ___ 1970 15.1"
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
TABLE X. Climatologlcal data for Missoula, Montana from 1957-1970,
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OLD STANDS
STANDS 8 1 3 9 15 11 5 10 2 20 4 19 21 8 STAND
BOLE BOLE
CLASSES CLASSES
4-6" 15 3 16 13 3 8 12 5 19 20 9 26 22 4-6"
6i-8&" 17 10 8 9 4 3 7 12 13 8 8 6 4 - 4 "
9-11" 6 7 5 6 1 2 11 6 3 9 7 7 4 9-11"
iii-i3i" 3 3 1 5 1 9 4 2 4 9 2 3 iii-i3i"14-16" 1 1 1 2 6 3 5 2 4 1 14-16"16&-18&" 2 3 1 6 1 1 3 1 i4-i4"19-21" 2 3 1 2 2 19-21"
2li-23i" 1 1 2ii-23i"
24-26" 2 1 1 24-26"
26|-28i" 26^-24"
29-31" 1 29-31"
STANDS T T T y 15 ÎÎ 5 ÏÔ T 20 T 19 21 8STAND
YOUNG STANDS
STANDS 7_ 13 17 12 22 12 liL 23 24 25 27 26 28 8STANDBOLE BOLE
CLASSES CLASSES
4-6" 5 10 22 8 13 17 31 7 3 9 14 3 23 32 4-6"
4 - 4 " 9 6 11 4 12 5 6 3 1 10 5 3 13 19 4 - 4 "
9-11" 4 8 10 2 4 2 1 3 4 8 6 10 9-11"
iii-i3i" 3 10 3 3 4 3 10 iii-i3i"
14-16" 1 3 2 2 2 2 2 5 14-16"
i4-i4" 1 2 2 2 i6i-i4"19-21" 19-21"
2ii-23i" 2li-23i"
24-26" 24-26"
24-24" 24-24"
29-31" 29-31"
STANDS T 13 17 6 12 22 16 14 23 24 25 27 2ë 28 8STAND
TABLE XI. Shows the reduction of Abies lasiocarpa 
reproduction with age. The quantitative 
data show this reduction by a decrease 
in the number of trees in the larger 
bole classes.
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FIGURE 3. Old-age Ordination 
of Spruce-fir Stands
Y-axis
Î
vn'o
FIGURE 1. First Ordination 
of Spruce-fir Stands
FIGURE 2. Young-age Ordination
of Spruce-fir Stands
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The circles represent plant frequency ranges in Figs. ^-55 and 
tree seedling frequency ranges in Figs. 56-67.
The frequency ranges are;
1 to 15̂ .......... the smallest circle
20 to 35^.......... the second largest circle
40 to 559̂ ........ o. .the third largest circle
60 to 7^... ...the fourth largest circle
80 to 100^..........the largest circle
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Vaccinium scoparium
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FIGURE 6. Behavior of 
Xerophyllum tenax
•H
’IGURE 7. Behavior of
Vaccinium scoparium
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FIGURE 8. Behavior of
Menziesia glabella
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FIGURE 9. Behavior of
Vaccinium membranaceum
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FIGURE 10. Behavior of
Menziesia glabella
FIGURE 11. Behavior of
Vaccinium membranaceum
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FIGURE 12. Behavior of
Ghimaphila umbellata
FIGURE 13. Behavior of 
Linnaea borealis
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FIGURE 14. Behavior of
Ghimaphila umbellata
FIGURE 15. Behavior of 
Linnaea borealis
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FIGURE 16. Behavior of 
Taxus brevifolia
FIGURE 17. Behavior of
Pachistima myrsinites
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FIGURE 18. Behavior of 
Taxus brevifolia
FIGURE 19. Behavior of
Pachistima myrsinites
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Tiarella unifoliata
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FIGURE 21. Behavior of
Glintonia uniflora
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FIGURE 22. Behavior of
Tiarella unifoliata
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FIGURE 23. Behavior of
Glintonia uniflora
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FIGURE 24. Behavior of 
Arnica latifolia
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FIGURE 25. Behavior of 
Viola orbiculata
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FIGURE 26. Behavior of 
Arnica latifolia
FIGURE 27. Behavior of 
Viola orbiculata
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FIGURE 28. Behavior of 
Galium triflorum
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FIGURE 29. Behavior of 
Trillium ovatum
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FIGURE 30. Behavior of 
Galium triflorum
FIGURE 31. Behavior of 
Trillium ovatum
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FIGURE 32. Behavior of
Osmorhiza chilensis
FIGURE 33. Behavior of
Senecio triangularis
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FIGURE 3̂ . Behavior of
Osmorhiza chilensis
FIGURE 35. Behavior of
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FIGURE 36. Behavior of
Smilacina Stellata
FIGURE 37. Behavior of 
Veratrum viride
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FIGURE 38. Behavior of
Smilacina stellata
FIGURE 39. Behavior of 
Veratrum viride
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FIGURE 40. Behavior of 
Pyrola secunda
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FIGURE 41. Behavior of
Goodyera decipiens
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FIGURE 42. Behavior of
Pyrola secunda
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FIGURE 43. Behavior of
Goodyera decipiens
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FIGURE 44. Behavior of
Thalictrum occidentale
FIGURE 45. Behavior of 
Rubus parviflorus
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FIGURE 46. Behavior of FIGURE 4?. Behavior of
Thalictrum occldpntale Rubus parviflorus
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FIGURE 48. Behavior of 
Ribes lacustre
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FIGURE 49. Behavior of 
Pyrola asarifolia
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FIGURE 50. Behavior of 
Ribes lacustre
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FIGURE 51. Behavior of
Pyrola asarifolia
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FIGURE 52. Behavior of
Gymnocarpim dryopteris
FIGURE 53. Behavior of
Athyrium filix-foemina
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FIGURE 54. Behavior of
Gymnocarpium dryopteris
FIGURE 55. Behavior of
Athyrium filix-foemina
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FIGURE 56. Behavior of 
Picea engelmannii 
seedlings
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FIGURE 57» Behavior of 
Abies lasiocarpa 
seedlings
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FIGURE 58. Behavior of 
Picea engelmannii 
seedlings
FIGURE 59. Behavior of 
Abies lasiocarpa 
seedlings
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FIGURE 60. Behavior of
Pseudotsuga menziesii 
seedlings
FIGURE 61. Behavior of 
Thuja plicata 
seedlings
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FIGURE 62. Behavior of
Pseudotsuga menziesii 
seedlings
FIGURE 63. Behavior of 
Thuja plicata 
seedlings
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FIGURE 64. Behavior of 
Pinus contorta 
seedlings
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FIGURE 65. Behavior of 
Pinus albicaulis 
seedlings
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FIGURE 66. Behavior of 
Pinus contorta 
seedlings
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FIGURE 67. Behavior of 
Pinus albicaulis 
seedlings
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The circles represent tree species' relative density and relative 
dominance and the sapling relative density ranges in Figs. 68-111,
The relative dominance and relative density ranges ares
1 to \.2$> .....the smallest cirle
13 to 22%.......... the second largest circle
23 to 32%......... .the third largest circle
33 to 52% ...........the fourth largest circle
53 to 100%.......... the largest circle
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FIGURE 68. Relative Density 
of Picea engelmannii saplings
FIGURE 69. Relative Density 
of Abies lasiocarpa saplings
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FIGURE 70. Relative Density 
of Picea engelmannii saplings
FIGURE 71. Relative Density
of Abies lasiocarpa saplings
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FIGURE 72. Relative Density 
of Pseudotsuga menziesii saplings
FIGURE 73. Relative Density 
of Thuja plicata saplings
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FIGURE 74. Relative Density
of Pseudotsuga menziesii saplings
FIGURE 75. Relative Density
of Thuja plicata saplings
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FIGURE 76. Relative Density 
of Pinus contorta saplings
FIGURE 77. Relative Density 
of Pinus albicaulis saplings
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FIGURE 78. Relative Density 
of Pinus contorta saplings
FIGURE 79. Relative Density
of Pinus albicaulis saplings
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FIGURE 80. Relative Density 
of Larix occidenatails saplings
FIGURE 81. Relative Density 
of Tsuga mertensiana saplings
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FIGURE 82. Relative Density
of Larix occidentalis saplings
FIGURE 83. Relative Density
of Tsuga mertensiana saplings
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FIGURE 84. Relative Density 
of Abies lasiocarpa
FIGURE 85. Relative Dominance 
of Picea engelmannii
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FIGURE 86. Relative Density
of Abies lasiocarpa
FIGURE 87. Relative Dominance
of Picea engelmannii
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FIGURE 88. Relative Density 
of Picea engelmannii
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FIGURE 89. Relative Dominance 
of Abies lasiocarpa
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FIGURE 90. Relative Density
of Picea engelmannii
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FIGURE 91. Relative Dominance
of Abies lasiocarpa
Y-axis
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FIGURE 92. Relative Density
of Pseudotsuga menziesii
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FIGURE 93. Relative Dominance 
of Larix occidentalis
Young-age Ordination
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FIGURE 94. Relative Density
of Pseudotsuga menziesii
FIGURE 95. Relative Dominance
of Larix occidentalis
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FIGURE 96. Relative Density 
of Larix occidentalis
Y-axis
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FIGURE 97. Relative Dominance 
of Pseudotsuga menziesi
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FIGURE 98. Relative Density
of Larix occidentalis
FIGURE 99. Relative Dominance
of Pseudotsuga menziesii
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FIGURE 100, Relative Density 
of Pinus contorta
FIGURE 101. Relative Dominance 
of Pinus albicaulis
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FIGURE 102. Relative Density
of Pinus contorta
FIGURE 103. Relative Dominance
of Pinus albicaulis
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FIGURE 104. Relative Density 
of Pinus albicaulis
FIGURE 105. Relative Dominance 
of Pinus contorta
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FIGURE 106. Relative Density
of Pinus albicaulis
FIGURE 107. Relative Dominance
of Pinus contorta
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FIGURE 108. Relative Density 
of Thuja plicata
FIGURE 109. Relative Dominance 
of Thuja plicata
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FIGURE 110. Relative Density
of Thuja plicata
FIGURE 111. Relative Dominance
of Thuja plicata
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MAP 1. Location of study area in northwestern Montana. Scale on detailed 
map above, 1 inch equals 22 miles.
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